IMPROVING SYSTEMATIC YIELD IN SEMICONDUCTOR MANUFACTURE 



DESCRIPTION 



[Paral] Field of the Invention 

[Para 2] The invention relates to semiconductor fabrication, and more 
particularly to improving manufacturing yield by modifying design data to 
create three-dimensional structures of robust design. 

[Para 3] Background Description 

[Para 4] The manufacturing yield of a manufacturing process for 
semiconductor devices may be affected by a variety of factors. For example, 
the semiconductor fabrication process may produce a defective circuit due to 
contamination during fabrication. Such contamination may include foreign 
particles finding their way onto a surface of a circuit under fabrication. Such a 
foreign particle can interfere with the manufacturing process so that 
subsequent steps are not properly completed leading to a malfunctioning 
device. Malfunctions may include, for example, the shorting of wires to one 
another or a broken wire on a particular layer of the circuit. 

[Para 5] Other factors which may negatively impact semiconductor 
manufacturing yield may include certain aspects of the device's design. For 
example, where a device's design specifies wires which are narrower than the 
narrowest wire that the fabrication process can reliably fabricate, the wire may 
be formed with a gap therein leading to a permanently open circuit. Another 
example of a design defect includes wires which are too close together. Where 
a wire is too close to an adjacent wire, there may be bleeding of one wire to 
the adjacent wire causing electrical contact between the two. Such unwanted 
electrical contact causes a permanent short in the circuit and prevents the 
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circuit from functioning properly. Ground-rule checking of a semiconductor 
design should in practice eliminate errors of this kind, but there are situations 
in which a design rule is waived, meaning that such a violation maybe 
permitted. 

[Para 6] By contrast, certain geometrical configurations of layout elements 
can obey all design rules and yet still be difficult to manufacture reliably. For 
example, types of designs which are prone to producing lowered 
manufacturing yield include designs which align one particular structure on a 
first layer with a second particular kind of structure on a second layer. Such 
problematic designs may lead to one structure affecting the formation of the 
second structure in a negative way. 

[Para 7] In other words, in the manufacture of VLSI integrated circuits, 
certain three-dimensional structures can be difficult to build reliably. For 
example, structures such as wires at minimum spacing on a metal layer Mx 
over wide or large wires on the metal layer Mx-1 . Note that this minimum 
spacing value on layer Mx is typically dependent on the width of the Mx wires, 
so that minimum-width wires require a smaller wire-to-wire spacing value 
than is required between wires of larger width. Another example of a difficult 
to manufacture structure includes wires at minimum spacing on Mx over a 
trench between two wide wires on Mx-1 . In particular, during planarization, 
the polishing of wide wires on Mx-1 causes a local dishing of the surface (so- 
called "induced topography"). This topographic variation can cause shorting of 
the minimum-spaced wires in a subsequent metal layer. 

[Para 8] It should be noted that traditional design rules do not prohibit the 
aforementioned problematic structures. Furthermore, routing programs 
typically do not recognize or try to avoid such interaction of structures from 
one layer to the next. Also, any cheesing steps to make a more uniform 
distribution between metal and dielectric on a layer does not necessarily 
alleviate the topographic problems because the wider wires can fall under the 
threshold shape width for which cheesing will be applied. It should also be 
noted that random-defect analysis does not reveal the presence of the 
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problematic metal structures. Rather, such three-dimensional structures 
cause systematic yield loss, where, regardless of their physical location in the 
design of the circuit, they are consistently difficult to manufacture. 
Furthermore, there have been no automated techniques for treating the 
systematic defects associated with the induced-topography defects. 

[Para 9] Accordingly, manufacturing problems can result from certain two- 
dimensional structures which should be avoided, such as one wire too close to 
a second wire, as well as certain three-dimensional structures encompassing 
multiple layers of a device which should also be avoided. For example, where 
minimum-spaced wires of an upper layer cross over a large wire of a lower 
layer, the flatness or planarity of the lower layer may be critical for proper 
small wire formation on the upper layer. Also, it is well known that where 
there is a relatively large wire formed by, for example, a damascene process in 
an oxide or other type of insulator, it may be difficult to form a planar surface 
across the dielectric and wire surface. 

[Para 1 0] For example, in a damascene process, the lack of planarity across 
the wire and dielectric is caused primarily during the last step of the process 
which typically includes a chemical/mechanical polishing (CMP) step. Thus, 
during the CMP process, because there is such a relatively large expanse of 
metal for the wide or large wire surface compared to the surface area of the 
surrounding dielectric, the metal may become dished during the polishing 
process, leading to a non-planar surface. 

[Para 1 1 ] Additionally, at the boundary between a wide metal line and 
adjacent dielectric material, the metal may become slightly recessed below the 
level of the surrounding dielectric. Thus, the dielectric will then protrude 
slightly above the surface of the metal large wire and lead to the formation of 
an unwanted trench at the edges of the metal line. The non-planarity of the 
dished metal line, and/or the trench, will cause, for example, non-planarity in 
subsequent layers formed above this lower layer. The non-planarity may then 
lead to metal wires formed on the subsequent layers being improperly formed 
and shorting to one another. 
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[Para 1 2] Traditional metPiods of mitigating the effects of sucPi non-planar 
surfaces on a first layer interfering with the proper formation of structures on 
a subsequent upper layer traditionally focus on fabrication process changes on 
a single layer with no consideration given to altering the design of a first layer 
to solve fabrication problems of a second layer. Thus, a two-dimensional 
approach is traditionally taken. For example, where an unwanted trench is 
typically formed at the edge of a wide metal wire, the size of the trench is 
reduced, or the trench is eliminated altogether, by carefully adjusting the 
parameters of the polishing step of the CMP process. Accordingly, parameters 
of the polishing step may be adjusted by either altering the composition of the 
chemicals used during the CMP process or by altering the length of time of the 
polishing, etc. However, there must be a balance which has to be achieved 
between over-polishing — which can lead to trench formations and subsequent 
problems on higher layers—and under-polishing, which additionally causes 
non-planarity on the lower layer. 

[Para 1 3] Referring to Figure 1 , for example, small metal wires 1 2 fabricated 
at, or close to, the minimum spacing possible on an upper layer are shown 
crossing a wide wire 1 4 on a lower layer. Thus, minimum-spaced wires 1 2 are 
wires which are manufactured near the lower limits of resolution of the 
manufacturing process. It should be noted that the wide wire 1 4 could 
potentially be dished during the CMP step of the damascene-forming process. 
Accordingly, where the minimum-spaced wires 1 2 lie above the wide wire 1 4, 
the non-planar surface below may inhibit the proper formation of the wires 1 2. 

[Para 1 4] Referring still to Figure 1 , a dielectric 1 5 surrounds the wide wire 
1 4. The dielectric 1 5 is typically an oxide or a nitride type dielectric. The wide 
wire 14 is typically copper, but may also be constructed from aluminum, as 
well as other conductors. Likewise, the minimum-spaced wires 1 2 are 
typically copper but may also be constructed from aluminum as well as other 
conductors. 

[Para 1 5] Accordingly, the minimum-spaced wires 1 2 pass across the top of 
the wide wire 1 4 and then pass onto the dielectric 1 5. Because the damascene 
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process used to form the wide wire 1 4 typically causes some dishing of the 
surface of the wide wire 1 4, the wide wire 1 4 and surrounding dielectric 1 5 
may not be planar. Consequently, when an adjacent layer is formed on top of 
the wide wire 1 4 which includes, for example, minimum-spaced wires 1 2 
imaged in a photolithographic process, the non-planar surface of the lower 
layer interferes with the material removal through planarization of the 
subsequent metal layer, resulting in a shorting of the metal material or of the 
liner material that is deposited between the metal and the dielectric. 

[Para 1 6] SUMMARY OF THE INVENTION 

[Para 17] In a first aspect of the invention, a method of modifying circuit 
design source data of a three-dimensional structure for improving integrated 
circuit yield includes spreading wires using a post-routing layout optimizer, 
and locating a problem structure remaining after post-layout optimizing using 
a shapes-processing tool. The method also includes implementing at least 
one local modification to said three-dimensional structure to perform a fix-up 
process on the problem structure. 

[Para 1 8] In another aspect of the invention, a method of modifying circuit 
design source data for forming a multi-layer structure of a semiconductor 
device includes determining whether at least two minimum-spaced wires of an 
upper layer pass over a dishing-prone structure of a lower layer. If the at least 
two minimum-spaced wires pass over a dishing-prone structure, the method 
also includes performing at least one of increasing a space between the two 
minimum-spaced wires of the upper layer in a region over the dishing-prone 
structure of the lower layer, forming a dummy hole In a wide wire under the 
space between the two minimum-spaced wires; and widening a trench 
between two wide wires under the space between the two minimum-spaced 
wires. 

[Para 1 9] In another aspect of the invention, a method of modif/ing circuit 
design source data of a three-dimensional structure for forming a multi-layer 
structure of a semiconductor device includes forming a dishing-prone 
structure on a lower layer. The method also includes forming two minimum- 
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spaced wires over the dishing-prone structure on an upper layer, and 
increasing a space between the two minimum-spaced wires in a region over 
the dishing-prone structure. The method additionally includes where if the 
dishing-prone structure includes a wide wire, inserting a space for a dielectric 
island in the wide wire under at least one wire of the two minimum-spaced 
wires; and if the dishing-prone structure includes a narrow trench between 
two wide wires, widening the trench under at least one wire of the two 
minimum-spaced wires. 

[Para 20] In another aspect of the invention a circuit design source data for a 
multi-layer structure of a semiconductor device includes an upper layer 
comprising multiple minimum-spaced wires. The circuit design also includes 
a lower layer comprising a dishing-prone structure, wherein the multiple 
minimum-spaced wires of the upper layer are disposed over the dishing-prone 
structure of the lower layer, and an increased space between at least two wires 
of the multiple minimum-spaced wires in a region over the dishing-prone 
structure. The circuit design additionally includes a dummy hole in the wide 
wire under at least one wire of the multiple minimum-spaced wires if the 
dishing-prone structure includes a wide wire, and a widened region of the 
narrow trench under at least one wire of the multiple minimum-spaced wires if 
the dishing-prone structure includes a narrow trench between two wide wires. 

[Para 21] BRIEF DESCRIPTION OF THE DRAWINGS 

[Para 22] Figure 1 illustrates minimum-spaced wires passing over a large wire 
in a conventional system; 

[Para 23] Figure 2 is a logic flowchart showing steps of using an embodiment 
the invention; 

[Para 24] Figure 3 illustrates minimum-spaced wires passing over a large wire 
in accordance with the invention; 

[Para 25] Figure 4 illustrates minimum-spaced wires passing over a large wire 
in accordance with the invention; 
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[Para 26] Figure 5 illustrates minimum-spaced wires passing over a large wire 
in accordance with the invention; 

[Para 27] Figure 6 illustrates minimum-spaced wires passing over two large 
wires with a trench therebetween; and 

[Para 28] Figure 7 illustrates minimum-spaced wires passing over a large 
wire in accordance with the invention. 

[Para 29] DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[Para 30] The invention allows improved manufacturing yield and thus 
reduced costs per device by forming three-dimensional structures in devices 
which are more reliably fabricated. Additionally, embodiments of the invention 
allow for more complicated devices by making it possible to manufacture the 
more complicated devices with better manufacturing yield. The invention 
allows the source data of circuit designs to be modified before the 
manufacturing step. Thus, the circuit design data is modified before the actual 
circuit manufacturing process begins. Consequently, structures which are 
prone to causing manufacturing defects are modified after the design process 
or as the final step in the design process and before the fabrication process. 

[Para 31 ] The modifications to the circuit design data are transparent to the 
fabrication process and are accordingly implemented in the fabrication process 
as if they were part of the original design. Due to such transparency, a circuit 
design data modification is often referred to in the sense of physical changes 
to the circuit itself. However, embodiments of the invention are directed to 
modifying circuit design data which results in the modification subsequently 
being implemented during fabrication. Additionally, in some embodiments, 
three-dimensional structures are formed across multiple layers of a 
semiconductor device, where an upper layer section is based, in part on the 
design of a lower layer section. Thus, embodiments of the invention include 
structures which span multiple layers rather than treating each layer as 
independent structures. 
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[Para 32] Such three-dimensional structures span multiple layers of a circuit 
and may be referred to as a problem or problematic structure because the 
manufacturing steps required to fabricate one layer of a structure can cause a 
manufacturing defect in a second layer of the structure. Thus the problem is 
one where adjacent structure components from one layer to the next are 
incompatible with one another, and at least one of the structure components 
on a particular layer should be modified to reduce or eliminate the 
incompatibility. However, the invention provides for an improved process yield 
by treating the problem as one of a three-dimensional nature and preventing a 
manufacturing defect on one layer by modifying another layer. 

[Para 33] In one implementation, embodiments of the invention may use a 
shapes-processing tool to locate each of the problem structures remaining 
after detail routing. For each of the problem structures, a ground-rule fix-up 
process is performed, using a minimum perturbation, hierarchy-preserving 
technology-migration tool. At least two classes of ground rules may be 
formulated to reduce or eliminate minimum-spaced wires over large or wide 
wires. 

[Para 34] For example, a minimum spacing for level Mx_w should be 2s where 
"s" is the ground-rule minimum spacing for Mx; and Mx_w is a derived level 
representing minimum-spaced Mx over wide Mx-1 . This derived level can be 
constructed with the aid of a shapes-processing tool using marker shapes, in 
which case another rule holds Mx_w within Mx, causing the two to move 
together. Another example includes minimum width for level Wx must be 2s, 
where Wx is a derived level representing the space between minimum-spaced 
Mx over wide Mx-1 ;. Shapes on the derived level Wx are created using a 
shapes-processing program, and other rules keep the derived shapes on Wx 
disjoint from Mx. 

[Para 35] Embodiments of the technology-migration program may then 
optimize the layout shapes in such a way as to fix the ground rules above 
while modifying the layout as little as possible. Such changes are typically 
local in nature, and confined to the immediate vicinity of the problematic 
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structures. In addition, tPie layout optimizer may introduce "jogs" in the IVIx 
wires: short segments of "wrong-way" wiring that allow maximum flexibility in 
enforcing modified ground rules. After optimization, all marker shapes are 
removed. The effect of enforcing either of these two ground rules is to 
increase the space of the minimum-spaced wires over wide structures such as 
wide Mx-1 wires and wide Mx trenches. 

[Para 36] Additionally, for each target location for which the ground-rule fix- 
up has not been successful, further steps may be employed. For example, a 
slotting step may be performed where a shapes-processing program is used to 
break wide wires or buses on a layer Mx-1 into groups of narrower wires that 
are tied together so as not to reduce the current-carrying capacity of the Mx-1 
buses. For over-trench structures for which slotting is not possible, the wide 
wire on Mx-1 may be "shaved" by using a shapes-processing program to 
reduce the width of wide wires on Mx-1 directly underneath the minimum- 
spaced Mx wires and so increase the width of the trench between the Mx-1 
wires. 

[Para 37] An additional method to fix problem structures involves using a 
router to move problematic wires. When a particular problem-causing 
geometry is identified, a script is created that inserts a wiring blockage shape 
at the same place as the one or more of the problematic wires. The places 
where the existing wires touch these new blockage shapes are seen as 
violations by the router, and the router attempts to fix these violations by re- 
routing the problematic wires. This method of resolving the problem typically 
works only if the wiring database, and not just the shapes data, is available. 

[Para 38] In other words, a problem area involving a three-dimensional 
structure is first identified. To resolve the problem, an automatic routing 
program is used to move one or more wires. The wires are moved as follows. 
First create blockage shapes in the wiring database for the routing program 
that cover the wires. The routing program sees these blockage shapes as 
ground-rule violations, i.e. places where a wire hits another shape on the same 
layer. The routing program attempts to fix these violations by removing the 
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offending wire and creating a new wiring route. TPie end result is tPie 
elimination of the problem structure. As such, command script is created for 
the routing program that contains the coordinates of these blockage shapes to 
be created. Commands In this script tell the routing program to create the 
blockage shapes and then repair the wire-to-blockage violations. 

[Para 39] Figure 2 Is a flow diagram of an embodiment showing steps of using 
the invention beginning at SI 00. Figure 2 may equally represent a high-level 
block diagram of components of the invention implementing the steps thereof. 
The steps of Figure 2 may be implemented on computer program code In 
combination with the appropriate hardware. This computer program code may 
be stored on storage media such as a diskette, hard disk, CD-ROM, DVD-ROM 
or tape, as well as a memory storage device or collection of memory storage 
devices such as read-only memory (ROM) or random access memory (RAM). 
Additionally, the computer program code can be transferred to a workstation 
over the Internet or some other type of network. Figure 2 may also be 
implemented, for example, using steps of Figures 3-7. 

[Para 40] Continuing with the flow of Figure 2, It Is first determined whether a 
structure on a layer Mx, which Is susceptible to topographically Induced 
formation error, lies over a structure In the Mx-1 layer which may cause a 
manufacturing error in the Mx layer due to Mx-1 topography (SI 00). For 
example, the Mx-1 layer may Include a wide wire which is prone to dishing or 
two wide wires separated by a trench which Is also prone to dishing, and the 
Mx layer may Include minimum-spaced wires. If there Is no dish prone 
structure on the Mx-1 layer under a structure susceptible to topographic 
formation errors on the Mx layer, no design changes are needed and the 
process is done (SI 35). 

[Para 41 ] If the dish prone structure Includes a wide wire, one or more design 
modifications are chosen from a group of possible design modifications 
(SI 1 0). For example, the wires may be re-routed (SI 1 2). Additionally, if there 
are sufficient free wiring tracks near the problematic wires on layer Mx, then 
the wires can be spread apart. One possible design change for minimum- 
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spaced wires includes inserting jogs in the wires and tPien increasing tPie 
spacing between the IVIx wires; these jogs allow greater flexibility in the 
creation of space between existing wires (SI 1 5). Another possible design 
change includes inserting a hole which will become filled with dielectric during 
manufacturing — in the dishing-prone structure on the IVIx-l layer to reduce 
dishing (SI 20). Refer to Figures 3-6 for an example. 

[Para 42] The logic flow then determines whether there is a wide wire next to 
a trench (SI 25). If there is no wide wire next to a trench, the logic flow is done 
at SI 35. If there is a wide wire next to a trench, the trench is modified (SI 30). 
For example, the trench may be locally widened by narrowing a portion of the 
wide wires under the minimum-spaced wires to reduce the amount of dishing 
on the Mx-1 level. After the trench has been appropriately modified, the logic 
flow is done at SI 35. Refer to Figure 7 for an example. 

[Para 43] Utilizing the method of the invention and referring to Figure 3, an 
example of minimum-spaced wires 1 2 passing over a wide wire 1 4 is shown. 
The wide wire 1 4 is formed on a lower layer and is surrounded by a dielectric 
1 5. The minimum-spaced wires 1 2 are formed on an upper layer. In order to 
avoid shorting caused by the typically non-planar or dished wide wire 14, the 
minimum-spaced wires 1 2 are designed to have a jog 1 6 in the minimum- 
spaced wires 1 2. The jog is a point in the wire where a wire segment in the 
perpendicular direction is inserted. The length of the perpendicular wire 
segment is determined by the optimization process in attempting to increase 
the space between the minimum-spaced wires 1 2, the optimizer creates 
perpendicular segments of the appropriate length. In other words, the jogs 
allow a smaller part of each wire to be moved in order to create space. In 
particular, a minimum-spaced wire 12 may have one or more jogs 16, where 
the jog 16 is positioned over the dielectric 1 5 of the lower layer proximate the 
junction between the dielectric 1 5 and the wide wire 14. It should also be 
noted that each wire in a group of wires may require a different jog position 
and/or a different size jog. 
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[Para 44] Accordingly, the minimum-spaced wires 1 2 are locally spread apart 
in a region concentrated on and proximate to the wide wire 14. Typical values 
of the new wire spacing, include, for example, twice the ground-rule spacing 
minimum for minimum-width wires. Thus, the jogs 16 in the minimum- 
spaced wires 1 2 increase the flexibility of layout-optimization tool to create 
spacing between adjacent wires, thereby reducing the chances that the 
minimum-spaced wires 1 2 when improperly created due to the dishing of the 
wide wire 1 4 will short together. In other words, the jogs 1 6 increase the 
likelihood that the layout-optimization tool will be able to create spacing 
between the minimum-spaced wires, thereby reducing the chance of the 
minimum-spaced wires 1 2 will short and allows for some errors in the 
minimum-spaced wire 12 formation process. 

[Para 45] Referring to Figure 4, an example of a wide wire 1 4 surrounded by a 
dielectric 1 5 on a lower layer with minimum-spaced wires 1 2 passing over an 
upper layer in accordance with the invention is shown. The wide wire 1 4 could 
have a dished surface due to being formed by a process including a CMP step. 
In order to prevent shorting of the minimum-spaced wires 1 2 due to the non- 
planar surface of the wide wire 1 4, the space 1 8 between the minimum-spaced 
wires 12 is enlarged locally. Typical values of the new wire spacing, might be, 
for example, twice the ground-rule spacing minimum for the wires 1 2. 

[Para 46] It should be noted that enlarging the space 1 8 between the 
minimum-spaced wires 1 2 includes enlarging the space 1 8 at substantially 
only above the wide wire 1 4 and portions of the minimum-spaced wires 1 2 
immediately above the wide wire 1 4. Accordingly, the minimum-spaced wires 
1 2 are locally spread in the region above the wide wire 1 4, and other regions 
of the minimum-spaced wires 1 2 are not affected. Consequently, the local 
spreading is achieved by increasing the space 1 8 between the minimum- 
spaced wires 12. Additionally, a substantial portion of the length of the 
minimum-spaced wires 1 2 not over the wide wire 1 4 remains undisturbed, 
while only that region of the minimum-spaced wires 1 2 which is susceptible to 
shorting is spaced a further distance apart. In other words, the portions of the 
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minimum-spaced wires 1 2 affected by enlarging tPie space 1 8 is substantially 
limited to the area immediately above the wide wire 1 4. 

[Para 47] Referring to Figure 5, an example of a wide wire 1 4 surrounded by a 
dielectric 1 5 on a first layer in accordance with the Invention Is shown. 
Passing across the top of the wide wire 14 on an upper layer are minimum- 
spaced wires 1 2. The relatively large surface area of the wide wire 1 4 Is 
broken, or interrupted by holes 20. Typical dimensions of a hole 20, include, 
for example, three to four times the ground-rule minimum spacing value for 
the wide metal lines on the lower layer. The holes 20 are formed in the wide 
wire 1 4 and allow dielectric 1 5 to protrude through the wide wire 1 4. The 
holes 20 are filled with the dielectric 1 5 during manufacturing, with the result 
that the upper surface of dielectric 1 5 Is substantially level with the surface of 
the surrounding the wide wire 14. 

[Para 48] The holes 20 are positioned so that the minimum-spaced wires 1 2 
which pass over the wide wire 1 4 additionally pass over the holes 20. The 
holes 20 are generally elongated structures which are oriented approximately 
perpendicular to the long axis of the minimum-spaced wires 1 2. Accordingly, 
the holes 20 reduce dishing of the wide wire 14; however, the holes 20 do not 
substantially alter the design or electrical characteristics of the minimum- 
spaced wires 1 2. 

[Para 49] In particular, the holes 20, by allowing the dielectric 1 5 to protrude 
up through the central regions of the wide wire 1 4 act as a polish stop during 
the CMP step. Thus, the holes 20 tend to reduce the amount of dishing caused 
by over polishing of the wide wire 14 during the CMP step. Accordingly, by 
reducing the amount of dishing of the wide wire 1 4, the surface of the wide 
wire 14 and surrounding dielectric 1 5 tends to be more planar, thus avoiding 
creating defects in the minimum-spaced wires 1 2 formed on the next layer 
thereabove. Thus, the minimum-spaced wires 1 2 need only pass over that 
portion of the wide wire 14 which has had Its planarlty Improved by the 
presence of the dummy hole 20. 
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[Para 50] Referring to Figure 6, an example of a first large wire 22 and a 
second large wire 24 formed on a lower layer of a semiconductor device and 
surrounded by a dielectric 1 5 in accordance with the invention is shown. A 
filled trench 26 is formed between the first large wire 22 and the second large 
wire 24. Typical dimensions of the trench 26, include, for example, the 
ground-rule minimum spacing value for the wide metal lines 22 and 24. The 
trench 26 is filled with the same dielectric as surrounds the large wires, 22 and 
24. Passing over the first large wire 22 and the second large wire 24, on an 
upper layer, are minimum-spaced wires 1 2. The minimum-spaced wires 1 2 
are oriented such that they pass over the trench 26 at substantially a right 
angle to the long axis to the trench 26 although other angles of intersection 
may also be included. 

[Para 51] During formation of the lower layer having the two large wires, 22 
and 24, and the dielectric 1 5 filled trenches 26 therebetween, more polishing 
is required during the CMP step due to the presence of the dielectric 1 5 which 
is a polishing-resistant material in the trench 26. Because the dielectric 1 5 of 
the trench 26 is more resistant to polishing, it thus requires greater amounts 
of polishing to achieve a satisfactorily smooth surface. Accordingly, the 
minimum-spaced wires 1 2 will typically be formed over a dished surface, 
thereby increasing the chances that the minimum-spaced wires 1 2 will be 
improperly formed. 

[Para 52] However, in the embodiment of Figure 7 an example of a lower layer 
having a first wide wire 22 and a second wide wire 24 with a filled trench 26 
formed therebetween in accordance with the invention is shown. The first and 
second wide wires, 22 and 24, are surrounded by a dielectric 1 5, where the 
dielectric 1 5 fills the trench 26. On an upper layer above the lower layer are 
formed minimum-spaced wires 12. The minimum-spaced wires 12 are 
formed such that their long axis is approximately perpendicular to the long 
axis of the first and second large wires 22 and 24. 

[Para 53] The first and second large wires, 22 and 24, have a shaved area 30 
located next to the filled trench 26. Typical dimensions of a shaved area 30, 
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include, for example, three to four times the ground-rule minimum spacing 
value for the wide metal lines 22 and 24. The shaved area 30 corresponds to a 
location on the large wires, 22 and 24, having a portion removed from the 
respective edges, next to the trench 26. Accordingly, the shaved area 30 
provides a widened region 28 of the trench 26. The widened region 28 of the 
trench 26 corresponds to where the minimum-spaced wires 1 2 cross the 
trench 26. Accordingly, the widened region 28 of the trench 26 reduces the 
amount of dishing in the surface of the large wire, 22 and 24, of the lower 
layer and thereby provides a more uniform surface upon which to form the 
minimum-spaced wires 12. 

[Para 54] As described above, the method of the invention improves 
manufacturing yield and may include steps to modify an existing physical 
design to decrease the incidence of topography-inducing defects or 
problematic structures and thereby increase the manufacturing yield of a VLSI 
design. These steps may include, in any order or singularly or in combination: 
1) targeted wire bending, which has the effect of increasing the space between 
minimum-pitch wires; 2) targeted ground-rule fix-up, using a technology 
migration tool and modified ground rules altering the problematic structure 
into a more easily manufactured design or otherwise prohibiting the 
problematic structures itself; 3) re-routing of wires; 4) slotting of wide wires 
on a lower layer in the area of the problematic structure; and 5) shaving, to 
reduce the width of a wide wire or wires on a lower layer in the area of the 
problematic structure. 

[Para 55] While the invention has been described in terms of exemplary 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modifications and in the spirit and scope of the appended 
claims. 
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